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ABSTRACT 19 
The present study reports phytogenic synthesis of nanoparticles using aqueous extract of 20 
Rhizophora mangle. The synthesized nanopartides were characterized using UV-Visible 21 
spectroscopy with maximum absorption at 400 nm. Fourier Transform Infrared spectroscopy 22 
(FT-IR) studies revealed the presence of functional groups mediating the synthesis of 23 
nanoparticles. X-ray diffraction (XRD) displayed Bragg's intensities at 2θ angle which 24 
confirmed the crystalline nature of the nanoparticles. Transmission Electron Microscopy (ТЕМ) 25 
revealed size and shape of the nanopartides with polydispersity of nanoparticles and size of 10-26 
60 nm. The synthesized nanoparticles expressed antibacterial activity by well diffusion assay, 27 
broth micro dilution assay, minimal inhibitory concentration and CFU assay against selective 28 
human pathogens. Nanoparticles were more effective against S. aureus (MTCC7443) followed 29 
by B. subtilis (MTCC 121). E. coli (MTCC 7410) and S. typhi (MTCC 7407). The possible mode 30 
of action of nanopartides was studied by treating silver nanopartides with pathogenic DNA 31 
which showed defamed and damage DNA in comparison with control DNA. 32 
 33 
1. Introduction 34 
 35 
Nanoparticles are ultrafine entities with their size less than 100 nm [1]. In recent years, 36 
nanoparticles have gained immense interest due to their remarkable properties compared to their 37 
bulk counterpart [2-5]. These unique properties of nanoparticles have resulted in their 38 
innumerable applications in diverse fields like semiconductors, fluorescent probes, fuel cells, 39 
drug delivery systems, biocatalysts, biosensing and as antimicrobial agents [4]. Rapid expansion 40 
in the number of drug resistant microorganisms has resulted in tapping alternative antimicrobial 41 
agents and need for viable substitutes to existing antibiotics is one of the top priority research 42 
among the scientific communities [5]. The exuberant properties of nanoparticles can be one such 43 
alternative to combat drug resistant microorganisms. Synthesizing nanoparticles bearing 44 
antimicrobial properties is an exciting area but one of the major constraint includes conventional 45 
approaches to synthesize nanoparticles and most of these methods are bound with various 46 
limitations [2,6,7]. Some of the major limitations include production of environmental pollutants, 47 
employment of toxic substances and generation of high energy, thus restricting their application 48 
in biomedical sector [8-10]. In order to cope with these limitations, biogenic synthesis of 49 
nanoparticles has become the subject of interest among the scientific communities to produce 50 
myriad nanoparticles [4,11,12]. The biological resources employed in the synthesis may vary 51 
from simple prokaryotic organisms to multicellular organisms like plants [11]. Among the 52 
biological entities, plant mediated synthesis of nanoparticles is a simple and faster process and 53 
therefore, there has been tremendous research on plant diversity to synthesize nanoparticles |12]. 54 
Some pivotal properties of plants like phytoremediation and phytomining have led to use of 55 
plants for the synthesis of nanoparticles [13,14]. Plants are used for the synthesis of 56 
nanoparticles is mainly due to presence of phyto-components like amino acids, vitamins, 57 
proteins, polysaccharides, polyphenols, organic acids, terpenoids, etc. which bear impact on 58 
morphological characteristics of nanoparticles [11,12,15]. Perusal of scientific literature 59 
highlights diverse plant species in mediating nanoparticles synthesis and in the present 60 
investigation Rhizophora mangle was selected for synthesis of silver nanoparticles. The selection 61 
of plant Rhizophora mangle was carried out based on the prior therapeutic index and its existing 62 
use in the treatment of wounds, diarrhea, dyspepsia, inflammations, sore throat, eye ailments and 63 
epistaxis [16,17]. 64 
 65 
2. Materials and methods 66 
 67 
2.1. Preparation of plant extract 68 
The Rhizophora mangle belonging to Rhizophoraceae family was selected in the present 69 
investigation. Plant material was collected from abundant growing area of Mysuru district of 70 
Karnataka, India. Plant materials such as shoot and leaves were washed to remove the adhering 71 
soil particles. Further the plant materials were cut into small segments and 20 g of was ground 72 
using a pestle and mortar and boiled in a 250 ml Erlenmeyer flask with 200 ml water for 30 min. 73 
The aqueous extract was then used for synthesis of nanoparticles. 74 
 75 
2.2. Synthesis of silver nanoparticles 76 
The aqueous extract was treated with 1 mM silver nitrate and incubated. Initially 77 
synthesis was monitored with change in color of reaction mixture and further confirmation was 78 
achieved with UV-Visible spectrophotometry [18]. The conversion of Ag
+ 
to Ag
0
 was measured 79 
using Atomic absorption spectroscopy (AAS). Samples were drawn at regular intervals with 80 
interval of 5 min over period of 20 min. The aliquots were centrifuged at 15,000 rpm and the 81 
supernatant was assessed for present of silver ions. The rate of decrease in the concentration of 82 
silver ions was monitored. 83 
 84 
2.3. Characterization ofnanoparticles 85 
Samples were drawn and periodically monitored with UV-visible spectroscopy by 86 
recording the spectra between 200 and 700 nm using Shimadzu double beam spectrophotometer. 87 
FTIR spectroscopy analysis was carried out to reveal the functional groups in aqueous extract 88 
responsible to mediate the synthesis of nanoparticles by using Spectrum Two IR spectrometer 89 
(PerkinElmer). The analysis was carried out at room temperature with a resolution of 4 cm
-1
. 90 
Further, in order to determine the crystalline nature of nanoparticles, XRD studies were 91 
conducted with Rigaku Miniflex-II Desktop X-ray diffractometer instrument operating ax a 92 
voltage of 30 kV and average size was calculated based on Scherrer equation recorded spectra.  93 
N = K/βcos. Where К is the Scherrer constant with value from 0.9 to 1 (shape factor), 94 
where   is the X-ray wavelength (1.5418 A), β ½ is the width of the XRD peak at half height 95 
and   is the Bragg angle. Further size and morphological characteristics of nanoparticles was 96 
analyzed by using Transmission Electron Microscopy, where an aliquot of nanoparticles was 97 
transferred on to a carbon-coated copper ТЕМ grid. The films on the ТЕМ grids were allowed to 98 
stand for 2 min, then extra solution was removed and the grid was allowed to dry prior to 99 
measurement and scanned using a TECHNAI-T12 JEOL JEM-2100 Transmission electron 100 
microscope operated at a voltage of 120 kV with Bioten objective lens. Subsequently, the 101 
particle size was ascertained using a Gatan ccd Camera [18]. 102 
 103 
2.4. Bactericidal activity of synthesized nanoparticles 104 
In order to achieve the bactericidal activity, synthesized nanoparticles were centrifuge at 105 
16,000 rpm for 10 min which resulted in separation of silver nanoparticles as pellet. The pellet 106 
obtained was washed thrice using sterile double distilled water and 10 mg/ml concentration was 107 
obtained and evaluated to antibacterial activity. Bactericidal activity of nanoparticles was carried 108 
out with via well diffusion assay, micro broth dilution assay, CFU plate method and minimal 109 
inhibitory concentration according to the protocol described by Baker et al. [6]. In brief pre-110 
warmed MHA (Mueller-Hinton agar) plates were seeded with 10
6 
CFU (colony forming unit) 111 
suspensions of test organism swabbed uniformly, later by using sterile cork borer 10 mm 112 
diameter of agar was punched and 50 l of 10 mg/ml nanoparticles were added into each well 113 
and incubated at 37 °C for 24 h. After incubation, the zone of inhibition was measured and 114 
interpreted with gentamicin at 1 mg/ml concentration. In CFU assay, inoculum of test pathogens 115 
was prepared to obtain 5 x 10
5
 CFU and bactericidal activity was determined. In brief, Mueller-116 
Hinton agar plates were supplemented with different nanoparticles concentrations (25, 50, 75 117 
and 100 g/ml) and one control was maintained without addition of nanoparticles. The plates 118 
were incubated for 24 h at 37 °C and colonies were counted and compared with the control plate 119 
to determine the effect of nanoparticles. Minimal Inhibitory Concentration was determined by 120 
broth micro-dilution technique based on the protocol described by Sarker et al. [19] with slight 121 
modification. Resazurin dye was used as a growth indicator to check the efficacy of 122 
nanoparticles against the test organisms. Centamicin was used as positive control and bacterial 123 
growth in the plate was inspected visually as well as ELISA microtitre plate reader. The possible 124 
mode of action and antibacterial potential of synthesized nanoparticles was predicted by treating 125 
silver nanoparticles with DNA isolated from against S. aureus (MTCC 7443). DNA with 126 
concentration of 10 ng was treated with silver nanoparticles (10 mg/ml) and incubated for 30 127 
min. DNA without treatment of silver nanoparticles served as a control. Electrophoresis was 128 
carried out using 1% agarose gel at 75 V for 30 min. 129 
 130 
3. Results and discussion 131 
 132 
The results obtained in the study focus on the importance of synthesis of nanoparticles 133 
using plant source. The selection of plant species was carried out based on the traditional 134 
knowledge and prior studies on synthesis of nanoparticles. Rhizophora mangle is reported to 135 
possess high traditional value which is already well documented in ancient and ayurvedic reports 136 
[16,20]. Initially, when aqueous plant extract was treated with silver nitrate, reaction was 137 
initiated by reduction of metal ions and initial synthesis was confirmed with change in color of 138 
the reaction mixture. Further confirmation was attained with UV-Visible spectroscopy which 139 
displayed the absorption peak at 400 nm (Fig. 1 and Supp-1, Appendix A). This red shift in the 140 
absorption peaks is due to surface plasmon of synthesized silver nanoparticles [21]. The 141 
synthesis of nanoparticles was rapid and completed within 20 min which was measured using 142 
atomic absorption spectroscopy (Supp-2, Appendix A). The synthesis was maximum at alkaline 143 
pH and elevated temperature above 70 °С These results are incongruence with previous findings 144 
highlighting the worthiness of the parameters [21]. Interestingly, FTIR reinforced the possible 145 
role of phytochemical components responsible for mediating and stabilization the synthesized 146 
nanoparticles (Fig. 2) with y-axis being % transmittance and x-axis being wavenumbers which 147 
are proportional to frequencies and these wavenumbers are reciprocal centimeters (cm
-1
). The 148 
broad vibrational stretching at 3350 corresponding to NH2 group. Similarly, 1635 corresponds to 149 
CH3 and 673 corresponds to CH functional groups. The FTIR analysis of silver nanoparticles 150 
was compared with aqueous plant extract to reveal the functional phyto-components responsible 151 
for mediating the synthesis and stabilization of nanoparticles (Supl-3, Appendix A). These 152 
results are in accordance with the previous reports highlighting the role of car-bonyl, aliphatic, 153 
amide, and aromatic groups facilitating the synthesis and stabilization of nanoparticles [22,23]. 154 
The crystalline nature of synthesized nanoparticles was depicted with XRD analysis which 155 
exhibited Bragg's intensities reflecting (111), (200), (220) and (311) of the face centered cubic 156 
structure of silver metal and was compared with standard XRD pattern (Fig. 3). The obtained 157 
result justifies with earlier XRD pattern [24]. Transmission electron microscopy revealed the size 158 
of nanoparticles in the range of 10-60 nm, the average size being 30 nm (Fig. 4). The obtained 159 
results were incongruence with the previous studies with polydispersity of nanoparticles. The 160 
silver nanoparticles displayed polydispersity with various diverse morphological shapes. The 161 
bactericidal activity of synthesized nanoparticles resulted in significant activity against all the 162 
test pathogens which was measured as zone of inhibition (Table 1 and Supl-5, Appendix A). The 163 
broth dilution assay resulted in drastic decrease in the optical density of test pathogens as silver 164 
nanoparticles concentration was increased (Supl-4, Appendix A). Similarly, colony forming unit 165 
displayed decrease in the density of viable colonies as silver nanoparticles concentration 166 
increased from 0 to 100 u.g/mL The results of both broth dilution and CFU were inaccordance 167 
with well diffusion assay (Supl-5, Appendix A). 168 
Further, the minimal inhibitor concentration displayed activity in the range of 31.25-125 169 
g/ml. The results with different antibacterial assays were consistent with highest activity being 170 
recorded against Staphylococcus aureus (MTCC 7443) followed by Bacillus subtilis (MTCC 171 
121), Escherichia coli (MTCC 7410) and Salmonella typhi (MTCC 7407). The results obtained 172 
in this study justifies with the earlier reports which centralized the assessment of silver 173 
nanoparticles as potent antibacterial agents [25,26]. The obtained results were interpreted with 174 
positive control Centamicin. In recent times there is rapid expansion of drug resistant pathogenic 175 
bacteria. In order to combat drug resistant pathogens, scientific communities are engaged in 176 
developing alternative strategies. One such alternative strategy includes combination or 177 
conjugation of nanoparticles with antibiotics which results in increase fold dilution of the activity 178 
[27]. Hence in the present investigation, initial attempt was carried out to synthesize silver 179 
nanoparticles from aqueous extract of Rhizophora mangle. Further, the possible mode of action 180 
of synthesized nanoparticles on DNA isolated from Staphylococcus aureus (MTCC 7443). Silver 181 
nanoparticles treated with DNA exhibited defamed and damage property in comparison with the 182 
control DNA without treatment of silver nanoparticles (Fig. 5). Overall, the results of present 183 
investigation is sufficiently promising and contribute towards the expanding literature on 184 
phytogenic mediated nanoparticles as facile single step protocol which can overcome the 185 
limitations posed by conventional protocols in synthesis of nanoparticles. 186 
 187 
4. Conclusion 188 
This investigation contribute towards phytogenic synthesis of silver nanoparticles. The 189 
results reveal the potential of Rhizophora mangle for rapid synthesis of silver nanoparticles. The 190 
synthesized silver nanoparticles displayed substantial bactericidal activity against selected 191 
human pathogens. The obtained results emphasize the role of silver nanoparticles as potent 192 
substitutes to conventional antibiotics in order to combat the multi-drug resistance of pathogenic 193 
microorganisms. 194 
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  274 
Fig. 1. UV–Visible spectra of silver nanoparticles synthesized by Rhizophora mangle 275 
Fig. 2. FTIR analysis of silver nanoparticles synthesized by Rhizophora mangle 276 
Fig. 3. XRD analysis of silver nanoparticles synthesized by Rhizophora mangle 277 
Fig. 4. TEM analysis of silver nanoparticles synthesized by Rhizophora mangle 278 
Fig. 5. DNA damage activity of silver nanoparticles synthesized by Rhizophora mangle 279 
 280 
281 
Table 1 Mean zone of inhibition (mm) of antibiotic gentamicin, silver nanoparticles, silver 282 
nitrate, plant extract 283 
 284 
Pathogens Gentamicin Phyto-biologic 
synthesized 
nanoparticles 
Silver nitrate Aqueous extract 
B.subtilis 24 12 – – 
E.coli 24 08 03 – 
S.aureus 21  09 – – 
S.typhi 12 08 02 – 
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